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PRODUCT DISCLAIMER

Certain commercial equipment, instruments, or materials are identified in this paper to specify
adequately the technical aspects of the reported results. In no case does such identification imply
recommendation or endorsement by the National Telecommunications and Information
Administration, nor does it imply that the material or equipment identified is necessarily the best
available for the purpose. Furthermore, statements from the manufacturers that participated in the
field trials are included at the end of each relevant section. The manufacturer’s statements represent
the opinions of the individual corporations only and in no case imply recommendation or
endorsement by the National Telecommunications and Information Administration.

i1



CONTENTS

Page

PRODUCT DISCLAIMER ......ooiiiiitieieeeeee ettt ettt sttt enee s eseeneas il
FIGURES ...ttt ettt ettt et et et e e e e st et e esaesseeseessaeseenseensesseenseenseensennsenns vii
1. INTRODUGCTION ..ottt ettt et sttt ettt sb et sbt et et esae e bt es b e sbeeaeenne e 2
2. CELL SITE CONFIGURATION ..ottt sttt sttt sttt e b ae s e nae e 6
3. TAG 5 (PCS 1900) TESTING ....ccuteiiiiieitieieeiiesitete ettt sttt et st eee s beeneesaeensesneesseennens 11
3.1 TAG 5 Test System ConfigUration .........c.cceceevuerieneeiierieneeieeiese et 11

3.2 CaliDIAtION ...eeeuiiiiiiiiiieet ettt sttt sttt et et e 12

3.3 Area Coverage TESINE .....c.cccvieiiieriieiiieeieeriee et ertee et esteesbeestaeeseessbeenseessseesseeasseenseesnsens 13
3.3.1 TMCO Area Coverage Data ...........coevviiiiieeiiiiieeeiiee e e e e 13

3.3.2 WCO Area Coverage Data.........ccceoviiiiiiiiiiiienieeececcecneceeere e 17

3.3.3 GMM Area Coverage Data.........coocieiiiiieiiiiieiiiieeiieeeiteeeiee ettt 21

3.4 Handoff TESHING .....oovuiieiiiiieeieeieee ettt ettt e et saeeteessbeesbeeesbeeseeesseesseessseesaens 21
3.5 INtErfErenCe TESTINE ...veeeeeiieiieiieeiiieeciee ettt ettt e e et e e sbae e saeeesabeeessbeeessaeeeenseesnseeennns 24
3.6 VOICE QUALIEY ..eentiieiiteiie ettt et ettt et e st e et e et e e sbeeeabeesaeeenbeeneen 26
3.6.1 Quasi-stationary MEaSUICIMENTS. ........eeevieriierieeniieeieeniieeieesteeieeseeeseesnreesseesnseennns 26

3.6.2 Mean Opinion SCOTE ASSESSIMENL .......ccveeevierieerirrereieereenieeesseeseeeseessreesseessseesseessns 29

3.6.3 EXpert LiStener ASSESSIMENL.......ccccuiierierreeiieeeiieeeieeesreeesreeesseeessreeessseesssseesnsseesnnns 34

3.6.4 Voice Quality Handoff Measurements ...........ccccecuereereerienienensienicneeieseeneeeeeneen 35

3.7 Manufacturers’ StAtEMEINLS ........c.evueeruirrierieriieieeie sttt ettt ettt e e et saaesaeens 35
371 MOtOT0La, INC. ettt e e et e e e e e e ee e e eeaee e e 36

3.7.2 Northern Telecom, INC. ...coooooiiiiiiiiiii 36

4. TAG 2 (IS-95-BASED CDMA SYSTEM) TESTING.....ccceoiiieiieieeieeeeseeie e 38
4.1 TAG 2 Test System COonfigUuIation ...........c.cecveeuierieriieenieeieeneeeieesiee e eseeeeseesseeeseenenas 38
4.1.1 Simulated INterferenCe........ccoviiiiiiiiiiieieee e 38

4.1.2 MarkoV CallS.......ooiiiiiiieee et e 39

i O] 1) v 1510 ) s NSRS RPRUPRRPRR 40

4.3 Area CoVerage TESHINE ......c.eevuieiiieiiieeiieiie et eite ettt e et teeeebeeaeesbeeseesnbeenseesnseenseesnseas 40
4.3.1 TMCO Area Coverage Data .........cccuueeviieeiiiieeiiieesiee ettt iee e 41

4.3.2 WCO Area Coverage Data.........cccviiiiieiiiieieiiee et 45

4.4 Handoff TESTINE ......eeruiiiiieiie ettt ettt et sttt et e et e st e et esseeebeesneeeseesanes 49
4.5 INterferenCe TESINE ....cccuiiiiieiiieeiieiiie ettt ettt et te et et e e ete et e esbe e saeenbeenaaeenseennnes 50
4.6 VOICE QUALILY ....veiiiieiieeie ettt ettt ettt e st e e teestaeesbeessbeeseeesseesseeesseensaesnsaenseensnas 50
4.6.1 Quasi-stationary MEaSUICIMENTS. .......eceruveeerrrreriureeeieeeeiteeessteeesereesseeessseeesseeessseeenes 50

4.6.2 Mean Opinion SCOTE ASSESSIMECNL .......eeruvieriieriieeriiesieentieeteesieesteesieeebeesseeeseeseeeenne 51

4.6.3 Expert LiStener ASSESSIMENL........ccueiiierieeiiierieeiieeieeteeseeeseeesreenseesseesseesnseenseeenne 58

4.6.4 Voice Quality Handoff Measurements .............cccueerueerieenieeiieenieeeieeieesveeveeseveenens 59

4.7 Manufacturer’s StateMENL . ........cc.uiiiuiiiiiiiieiieeie et 60

5. TAG 4 (IS-136-BASED SYSTEM) TESTING .......ccotiiieiieieiieieseeeeeseeee e 62
5.1 TAG 4 Test System COonfigUuIation ............cccueerveeiiierieeiiienieeieeeee ettt ereeseeereeseaeeeeens 62

RV 01 110] 15 Te) o OO RRSR P RSPRRRT 62

5.3 Ar1ea Coverage TEStING ......cceiiiieiieeeiieeeiee et siee et eesteeesteeeseaeeessaee e saeeesseeessseessseennns 63
5.3.1 TMCO Area Coverage Data ..........ccoceeiiiiiiiiiiiniiiiiceceeceeeeeee e 65

v



CONTENTS (cont’d)

Page

5.3.2 WCO Area Coverage Data..........cooviiiiiiiiiiiiiiiiiecieeeteeeeeeeeeee et 67

5.4 Handoff TESHINE .....ooouiiiiiiiieiieee ettt e sttt e et e et e sabeebeesnseeseens 71
5.5 INterference TESLING ...c.eeueirtiiiiriiiriieie ettt sttt ettt sttt sbe e 74
5.6 VO0ICE QUALTLY ..ueieieiiieiteie ettt ettt b et st a et e bt et et e eae e 75
5.6.1 Quasi-stationary MEasUIEMENTS. ........eevuuieruieriieiieeieeriie ettt et ebee e 75
5.6.2 Mean Opinion SCOTE ASSESSIMENL ......cccueeriieriieriieniieeteerieeeeeesiteeseeseeesseesaseeseennnes 77
5.6.3 Expert Listener ASSESSIMENE......cc.eevuiriiriierierieniieieete st sie ettt sie et saeeees 83
5.6.4 Voice Quality Handoff Measurements ...........ccccecueveereenienieniennienieneeie e 85
5.7. Manufacturers’ STAEMENTS .........coouiiiiieiiiiiieie ettt ettt st et eeesaeeas 85
5.7.1 AT&T Network Wireless SYStEMS ......cc.eeuerierieriirienieeieniesieete et 85
5.7.2 BIICSSOM, INC. oottt e e ettt e e e e e e e s e eaaaaeaeeeas 86
5.7.3 Nokia Mobile PhONES........cccoeiiiiiiiiiiiieieeeeeee e 87

6. TAG 7 (WIDEBAND CDMA) TESTING ....cetiiiiiieieeieiteeseteie et 88
6.1 TAG 7 Test System ConfigUration .........c.ccoceevuerieneeiierienieieeiesieee et 88
0.2 CalIDIALION ..ottt ettt st b et nae et 88
6.3 Area CoVErage TESINE ....ccueiviieiieeiieiieeieeriee ettt e ettt e ebeestaeebeessseesseessseenseessseenseesnseas 89
6.3.1 TMCO Area Coverage Data ...........ccoeviuiiiiieiiiiieieeiiee e e e 89
6.3.2 WCO Area Coverage Data...........cccoviiiiieiiiiiieniiicececeeceeee e 90

6.4 Handoff TESHINE .....ooouiiiiieiieeiieieet ettt ettt et e e bt e ssbeebeeenseenseesnseensaens 96
6.5 INtETfEreNCE TESTING ..veeeeviieiiiieeiiie ettt ettt ettt e e st e e st eesabee e ebeeesnseeennseesnseesnnne 96
6.0 VOICE QUALTLY ...eeiiiieeiiieeiie ettt e et e et e e et e e esebeeeaseeenaeesnsaeeensaeesnneeennns 96
6.6.1 Quasi-stationary MEasUIEMENTS. ........eeeuuiertierieeiieeieerieeeieeseeeieeseeeeeesbeeseeeeaseees 96
6.6.2 Mean Opinion SCOTE ASSESSIMENL .......ccueeeuieriierrieriieeieeneeeieessreeseessreeseessseeseensnes 97
6.6.3 ExXpert LiStener ASSESSIMENL........c.eerieeriierieerteenireereeseeeseesseeeseessreesseessaesseesseeenne 103
6.6.4 Voice Quality Handoff Measurements ............ccceeecveeerieieniieeciee e 104

6.7 Manufacturer’s STatCIMENT.........cccueiiiiiieeiiieeiiieeeieeesieeeeteeesreeesibeeesibeeesareeessaeeesaseeeenseens 104
7. TAG 3 (PACS) TESTING ..cuttiiiiiieieiieeteeeteet ettt sttt sttt s 105
7.1 TAG 3 Test System Configuration ............cccueerierciieriierieeniienieesieeeeeereesee e esneeseenenas 105
7.2 CalIDIALION ...ttt ettt et st e bt e et e bt e et e e b e eaeas 105
7.3 Area Coverage TESINE .....cceevuiriirieierierieeie ettt sttt ettt s sbe e eaees 107
7.3.1 Low-Tier Microcell Site 1 Area Coverage Data...........cccceeeievieeiiencieenieeieeeens 108
7.3.2 Low-Tier Microcell Site 3 Area Coverage Data............cccoeecvveriieniienieeniecieeieens 109
7.3.3 Low-Tier Microcell Site 9 Area Coverage Data............cccccvveevieeenieeeiieeeieeeeeenn 110
7.3.4 Low-Tier Microcell Site 11 Area Coverage Data.........cccceeceeviininiiniincnncniicnens 114
7.3.5 Link Balance Analysis for Combined Microcell Sites ...........cccovviievienieenirennnnne. 118

7.4 Handoff TESHING .....ccouveeiieiieeiieiieeie ettt ettt et eebe e saessbeeseeesbe e saeenseenseeennas 122
7.5 INtETTErENCE TESTINE ...veeiviieiiiieeiiie et e ettt et e et e et e e e tee e e teeesbeeesabeeessseeessseesnsseessseeens 123
7.6 VOICE QUALIEY ..eeentieeiieeiie ettt et et ettt e et e et e eteenbeesaeeeneas 125
7.6.1 Quasi-stationary MEaSUICIMENTS. ........ceruieruierieeirieniieesteeereenieesreeseesneessnesseenaeenns 125
7.6.2 Mean Opinion SCOTE ASSESSIMENL .......ccveerrieriierieereeeieeteesreesseesseesseessneenseessseenns 126
7.6.3 EXpert LiStener ASSESSIMENL.......ccccuvieeiuireeiiieeeiieesireesteeesreeessreeessseeessseesssseesssseenns 132
7.6.4 Voice Quality Handoff Measurements ...........ccccceevverienieniienienennieneeneeieeeenene 133



CONTENTS (cont’d)

Page

7.7. Manufacturers’ STAtEMENTS .........cooueeiiiiiiieiiieiie ettt ettt et be e st 133
T.7.1 MOtOrola, INC. .ceeveeiiiiiiiiiieeeeee et 133

T.T7.2 NEC ..ttt sttt ettt ettt ettt ettt 134

7.77.3 PANASOMIC ...cutieuiiiiiieiieeiteett ettt ettt et eat e et sbe e st esbt e et enbeesateenbeeeaee 134

8. TAG 1 (COMPOSITE CDMA/TDMA SYSTEM) TESTING.......ccceeerieiirieneeieeeeeeene 136
8.1 TAG 1 Test System ConfigUIation .........cc.coveevuerieriinieiiintenieeie ettt 136
8.2 CalIDIAtION ...ttt sh ettt 136

8.3 Area CoVErage TESTING ...ccueeiuieiiiiiieeiieiie ettt ettt ettt e e v e et essbeeteeesseeseessseenseesnseas 138
8.3.1 TMCO Area Coverage Data ..........coooovieieiiiiiiieeiiee e e 140

8.3.2 WCO Area Coverage Data........c.ccocuiereiiiiiniiiiieieeeeeececsee e 142

8.3.3 GMM Area Coverage Data..........cceeviiiiiiiiiiiiieeieeeeeeeeeee et 144

8.3.4 Low-Tier Microcell Site 3 Area Coverage Data...........cccoeeveeviieniienieniienieereene 146

8.4 HandofT TESTINE ....ceeviiiiiii ettt e et e e ae e et eeestaeeensaeeenseeesnseeennseeennns 149
8.5 INtErferenCe TESTING ...cc.eeeiieiiiiiieite ettt ettt ettt et e e e seeas 150
8.6 VOICE QUALTLY ..eeiiiiiieeiii ettt ettt ettt et e st e et e et e e bt e sebeessaesnseenseannnas 152
8.6.1 Quasi-stationary MeEaSUICMENLS. ........ccueerrrerreeereerrieeieenieeeteesseeeaeesseesseesseeesseennns 152

8.6.2 Mean Opinion SCOTE ASSESSIMENL .....c..eeerveeerireeeriieeeiieeesireeeseeesseeessseessseeesssesenns 154

8.6.3 Expert LiStener ASSESSIMENL . ......cccueeervieeireeeiieeeiteeeeieeeeiteeesreeesreeessreessareeessseesnnns 159

8.6.4 Voice Quality Handoff Measurements ............ccceecueerieeieenieiiiienieeiee e eiee e 160

8.7. Manufacturer’s StAteMENT......cc..eiuiiriiiiieiieeiieee et 160

9. SUMMARY ...ttt ettt ettt et ettt et at e bt e nt e e st e bt et e ene e neenteeneeaeeneeenne e 162
10. REFERENCES ..ottt sttt ettt et esseenaeenaenseense e 163

vi



Figure 2.1.
Figure 2.2.
Figure 3.1.
Figure 3.2.
Figure 3.3.
Figure 3.4.
Figure 3.5.

Figure 3.6.
Figure 3.7.
Figure 3.8.
Figure 3.9.

Figure 3.10.
Figure 3.11.

Figure 3.12.
Figure 3.13.
Figure 3.14.
Figure 3.15.
Figure 3.16.

Figure 3.17.
Figure 3.18.

Figure 3.19.
Figure 3.20.

Figure 3.21.
Figure 3.22.

Figure 3.23.

Figure 3.24.
Figure 3.25.
Figure 3.26.
Figure 3.27.

Figure 4.1.
Figure 4.2.
Figure 4.3.
Figure 4.4.
Figure 4.5.

FIGURES

Page
High-tier cell site locations in the Boulder, Colorado, area...........ccccceeeeveeeciveeennnen. 7
Low-tier microcell site locations in the Boulder, Colorado, area. ................cc.......... 9
Block diagram of the TAG 5 test system configuration. ...........ccccceevuverieeueeneennne. 11
Downlink Rxlev vs. distance (TAG 5, TMCO cell). .....ocoveviierieiiiiieeiieieeeeene 14
Probability density function for Rxlev (TAG 5, TMCO cell).......ccccceeevvveeeveennneen. 15
Uplink Rxlev vs. downlink Rxlev (TAG 5, TMCO cell)......cccoceeviiniianiiiiienne 15
Average Rxqual vs. Rxlev for both the uplink and downlink
(TAG 5, TMCO CEIL). .eueiiieiieiieeieeeee ettt 16
Uplink Rxqual vs. Rxlev (TAG 5, TMCO cell)......cccouveviiiiniiieiieeieeeeeeee e 16
Downlink Rxqual vs. Rxlev (TAG 5, TMCO cell).......ccooueviiiniiniiiiieiieeeeee 17
Downlink Rxlev vs. distance (TAG 5, WCO cell). ....oocovveeviviieiiieieeeiieeeeee 18
Probability density function for Rxlev (TAG 5, WCO cell)......cccevverienvenennennen. 18
Uplink Rxlev vs. downlink Rxlev (TAG 5, WCO cell)......coooueeeeiieeiiiiiieeeieeee, 19
Average Rxqual vs. Rxlev for both the uplink and downlink
(TAG 5, WCO CEIL). ..ttt s 19
Uplink Rxqual vs. Rxlev (TAG 5, WCO cell). ....oovuiiviiiiiiieiiecieeeeeeeee 20
Downlink Rxqual vs. Rxlev (TAG 5, WCO cell). ..ccceveviiieiiieiieeieeeeeeeeeee 20
Downlink Rxlev vs. distance (TAG 5, GMM cell).......ccocerviiiiiiniiiiiiiieiiee 21
Probability density function for Rxlev (TAG 5, GMM cell). ......cccocveniiviriincnnnens 22
Average Rxqual vs. Rxlev for both the uplink and downlink
(TAG 5, GMM CeIL). c.iiieiieieeeeeee ettt 22
Histogram of change in Rxlev during handoff (TAG 5).....ccccevveiiniiniiiiniicns 24
Histograms of change in Rxlev for (a) intercell and (b) intracell
RaNAOTES (TAG 5). ettt st et ssaeeabeenaee e 25
Histogram of change in Rxqual during handoff (TAG 5).....cccceecvvveiiiiiiiiecieeene. 26
Histograms of change in Rxqual for (a) intercell and (b) intracell
handofTS (TAG 5)..veeeieeeeeeee ettt et eaae e e as 27
Histogram of time between successive handoffs (TAG 5). ....oocveeiieciieiiieciienene, 28
Average Rxqual vs. carrier-to-interference ratio (C/I) for co-channel
and adjacent channel interference (TAG 5). ...oocieviiiiiiiiiiee e 28
Quasi-stationary measurement locations and vehicular speed used at each
10€ation fOT TAG 5. .ottt 30
Histogram of mean opinion scores (MOS’s; TAG 5, WCO cell). .....cccccvvveeuveeneen. 31
Mean opinion score (MOS) vs. RXIeV (TAG 5)..coouieiiiiiiiiieieeeeeeeeeee 32
Mean opinion score (MOS) vs. Rxqual (TAG 5)..ccceeevuieiiiiiiieiieieeeeeeeee 32
Percent acceptability vs. expert listener rating (TAG 5)....oocvveviieciienciienieeieeee, 35
Block diagram of the TAG 2 test system configuration. ...........ccceeeevveeeenreeecnveennnee. 39

Downlink received signal strength (RSS) vs. distance (TAG 2, TMCO cell)......... 42
Histogram of downlink received signal strength (RSS; TAG 2, TMCO cell)........ 42

Histogram of uplink transmit power (TAG 2, TMCO cell). ......cccceeverienvenennnnnen. 43
Uplink frame error rate (FER) vs. Qualcomm Telecommunications
Switching Office (QTSO) target Ey/N, (TAG 2, TMCO cell)......ccccevvievieenieannnne 44

vil



Figure 4.6.
Figure 4.7.
Figure 4.8.
Figure 4.9.
Figure 4.10.
Figure 4.11.

Figure 4.12.
Figure 4.13.
Figure 4.14.
Figure 4.15.
Figure 4.16.
Figure 4.17.
Figure 4.18.
Figure 4.19.
Figure 4.20.
Figure 4.21.
Figure 5.1.
Figure 5.2.
Figure 5.3.
Figure 5.4.
Figure 5.5.
Figure 5.6.
Figure 5.7.
Figure 5.8.
Figure 5.9.
Figure 5.10.
Figure 5.11.

Figure 5.12.

FIGURES (cont’d)

Page
Histogram of uplink frame error rate (FER; TAG 2, TMCO cell). ........ccceuuenn...e. 44
Histogram of downlink frame error rate (FER; TAG 2, TMCO cell)..................... 45
Downlink received signal strength (RSS) vs. distance (TAG 2, WCO cell). ......... 46
Histogram of downlink received signal strength (RSS; TAG 2, WCO cell). ......... 47
Histogram of uplink transmit power (TAG 2, WCO cell). ......cccovveeiveeiieeieenee. 47
Uplink frame error rate (FER) vs. Qualcomm Telecommunications
Switching Office (QTSO) target Ey/N, (TAG 2, WCO cell). ...ooveviivivriinieiiene 48
Histogram of uplink frame error rate (FER; TAG 2, WCO cell)......ccccoevervenennens 48
Histogram of downlink frame error rate (FER; TAG 2, WCO cell)....................... 49
Quasi-stationary measurement locations and vehicular speed used at each
10€ation fOT TAG 2. ..cuviiiiiieieeieee ettt 52
Histogram of mean opinion scores (MOS’s) for all voice segments (TAG 2). ......54
Histogram of mean opinion scores (MOS’s) for the uplink (TAG 2)..................... 54
Histogram of mean opinion scores (MOS’s) for the downlink (TAG 2)................ 55
Mean opinion score (MOS) vs. average downlink received signal strength
(RSS; TAG 2)eeeeeeee ettt ettt et sttt et be et eaeeseeens 55
Mean opinion score (MOS) vs. uplink frame error rate (FER; TAG 2). ................ 56
Mean opinion score (MOS) vs. downlink frame error rate (FER; TAG 2). ........... 57
Percent acceptability vs. expert listener rating (TAG 2).....coceevevievieninienienennns 59
Block diagram of the TAG 4 test system configuration. ...........ccccceeevveevierveenneenne. 63

Downlink received signal strength (RSS) vs. distance (TAG 4, TMCO cell)........ 66
Histogram of downlink received signal strength (RSS) values

(TAG 4, TMCO CeIL). ittt et 66
Histogram of uplink received signal strength (RSS) values

(TAG 4, TMCO CEIL). ittt 67
Downlink received signal strength (RSS) vs. uplink RSS

(TAG 4, TMCO CeII). ittt et 68
Histogram of difference between downlink and uplink received signal

strength (RSS; TAG 4, TMCO Cell). coooouviiiiiieiiieeeeeee e 68
Uplink frame error rate (FER) vs. received signal strength

(RSS; TAG 4, TMCO CeIL). cueiiiiiiiieiieniieieeeseese ettt 69
Downlink received signal strength (RSS) vs. distance

(TAG 4, WCO cell, Ericsson mobile Unit)..........cccccueeerieeeiieeeiieeeiieeecieeevee e 70
Downlink received signal strength (RSS) vs. distance

(TAG 4, WCO cell, Nokia mobile UNit)..........cccueeevrireeirrieeiieeeiie e eevee e 70
Histogram of uplink received signal strength (RSS) values

(TAG 4, WCO CCIL). ..ttt sttt et 71
Histogram of difference between downlink and uplink received signal

strength (RSS; TAG 4, WCO cell, Ericsson mobile unit). .......cccceeevverveereennennnen. 72
Histogram of difference between downlink and uplink received signal

strength (RSS; TAG 4, WCO cell, Nokia mobile unit). .........cccceeveveeeeieeenieennnennns 72

viil



Figure 5.13.
Figure 5.14.

Figure 5.15.
Figure 5.16.

Figure 5.17.
Figure 5.18.

Figure 5.19.
Figure 5.20.
Figure 5.21.
Figure 5.22.

Figure 5.23.
Figure 5.24.
Figure 5.25.

Figure 6.1.
Figure 6.2.

Figure 6.3.

Figure 6.4.
Figure 6.5.
Figure 6.6.
Figure 6.7.
Figure 6.8.
Figure 6.9.

Figure 6.10.
Figure 6.11.

Figure 6.12.
Figure 6.13.
Figure 6.14.
Figure 6.15.
Figure 6.16.

Figure 6.17.

FIGURES (cont’d)

Page
Uplink frame error rate (FER) vs. received signal strength
(RSS; TAG 4, WCO CeII).iniiiieiieeeeeeee ettt 73
Histogram of change in received signal strength (RSS) during handoff
(TAG 4). ettt sttt et sb et e e e sttt sst e st enteeneenaeens 74
Histogram of time between successive handoffs (TAG 4). .....ccccvveevveevveeenieeennen. 75
Average bit error rate (BER) class vs. carrier-to-interference ratio (C/I)
for the co-channel interference case (TAG 4)......ccovveeeeiiieiiieeciie e 76
Average bit error rate (BER) class vs. carrier-to-interference ratio (C/I)
for the adjacent channel interference case (TAG 4). ..ccevvevvveeiiiienieeeiee e, 77
Quasi-stationary measurement locations and vehicular speed used at each
10€ation fOT TAG 4. ..ot st 78
Histogram of mean opinion scores (MOS’s) for all voice segments (TAG 4). ......80
Histogram of mean opinion scores (MOS’s) for the uplink (TAG 4)..................... 80
Histogram of mean opinion scores (MOS’s) for the downlink (TAG 4)................ 81
Mean opinion score (MOS) vs. average received signal strength
(RSS; TAG )ttt sttt et e et eeeseeens 82
Mean opinion score (MOS) vs. uplink bit error rate (BER; TAG 4)...................... 82
Mean opinion score (MOS) vs. downlink bit error rate (BER; TAG 4). ................ 83
Percent acceptability vs. expert listener rating (TAG 4).....ccceeveviinenninieniiinennns 84
Downlink received signal strength (RSS) vs. distance (TAG 7, TMCO cell)......... 90

Histogram of uplink received signal strength (RSS) values

(TAG 7, TMCO CEIL). .ouiiiieiieiecieie ettt ae e 91
Histogram of downlink received signal strength (RSS) values

(TAG 7, TMCO CeIL). .utiiieiieieeieee ettt 91
Histogram of uplink bit error rate (BER; TAG 7, TMCO cell). .....ccceevvereenverneen. 92
Histogram of downlink bit error rate (BER; TAG 7, TMCO cell). .......cccccueeneenee. 92
Downlink received signal strength (RSS) vs. distance (TAG 7, WCO cell). ......... 93
Histogram of uplink received signal strength (RSS; TAG 7, WCO cell)............... 93
Histogram of downlink received signal strength (RSS; TAG 7, WCO cell). ......... 94
Histogram of uplink bit error rate (BER; TAG 7, WCO cell). ....ccceevvieiiiriiannnnne 94
Histogram of downlink bit error rate (BER; TAG 7, WCO cell). .....c.cccvvevrennnnnne 95
Bit error rate (BER) vs. uplink and downlink received signal strength

(RSS) for the TMCO and WCO cells (TAG 7)..veeeeeeieeiiieiiieecieeeciee e 95
Quasi-stationary measurement locations for TAG 7......ccccceceevenieneinenicniencnnne. 99
Histogram of mean opinion scores (MOS’S; TAG 7). c.oooeeeiiiniencienieeiiesieeieens 100
Histogram of uplink mean opinion scores (MOS’s; TAG 7)..cccceveeveevveneeniennnene 100
Histogram of downlink mean opinion scores (MOS’s; TAG 7)...ccccceeeveeerureennee. 101
Mean opinion score (MOS) vs. average received signal strength

(RSS; TAG 7)ottt ettt 101
Mean opinion score (MOS) vs. average uplink bit error rate

(BER; TAG 7). ettt ettt ettt sttt ettt et s nne e ene e seenes 102

X



Figure 6.18.
Figure 6.19.
Figure 7.1.
Figure 7.2.
Figure 7.3.

Figure 7.4.
Figure 7.5.

Figure 7.6.
Figure 7.7.

Figure 7.8.

Figure 7.9.
Figure 7.10.

Figure 7.11.
Figure 7.12.

Figure 7.13.

Figure 7.14.
Figure 7.15.

Figure 7.16.
Figure 7.17.

Figure 7.18.

Figure 7.19.
Figure 7.20.

Figure 7.21.
Figure 7.22.

Figure 7.23.

Figure 7.24.

FIGURES (cont’d)

Page
Mean opinion score (MOS) vs. average downlink bit error rate
(BER; TAG 7). eeeteeie ettt ettt ettt et sttt sae e enaenseensasnneseenes 102
Percent acceptability vs. expert listener rating (TAG 7).....cocvevveverienieneenicnnene. 103
Block diagram of the TAG 3 test system configuration. ..........cccccceeeeveerveecreennn. 106
Downlink received signal strength (RSS) vs. distance
(TAG 3, MICTOCEIL SIEE 1). cuveiiiiiiieiieeiieie e e 108
Histogram of downlink received signal strength
(RSS; TAG 3, mMicrocell SIte€ 1). ....ccouiiiiiiiiiiieeiieeeiee e 109
Histogram of downlink word error rate (WER; TAG 3, microcell site 1)............ 110
Histogram of uplink received signal strength
(RSS; TAG 3, Microcell SIte€ 1). ...cccvuiiiiiiieiiiieiiie e 111
Histogram of uplink word error rate (WER; TAG 3, microcell site 1)................. 111
Downlink received signal strength (RSS) vs. distance
(TAG 3, MICTOCEIL SIEE 3). .eeeiiiiiieiieeiee et e 112
Histogram of downlink received signal strength
(RSS; TAG 3, mMicrocell SIt€ 3). ....ccouiiiiiiiiiiieeciie et e 112
Histogram of downlink word error rate (WER; TAG 3, microcell site 3)............ 113
Histogram of uplink received signal strength
(RSS; TAG 3, MicrocCell SIt€ 3). ....cccuiiiiiiieiiieeiieeeie et 113
Histogram of uplink word error rate (WER; TAG 3, microcell site 3)................. 114
Downlink received signal strength (RSS) vs. distance
(TAG 3, MICTOCElL SIEE ). .eeeiiiiiieiieeiiee e e 114
Histogram of downlink received signal strength
(RSS; TAG 3, mMicrocell SIt€ 9). ....cccuiiiiiiiiiiieeeiieeccee e 115
Histogram of downlink word error rate (WER; TAG 3, microcell site 9)............ 116
Histogram of uplink received signal strength
(RSS; TAG 3, mMicrocell SIt€ 9). ....cccueieiiiieciiieeiieecee e e 116
Histogram of uplink word error rate (WER; TAG 3, microcell site 9)................. 117
Downlink received signal strength (RSS) vs. distance
(TAG 3, Microcell SIte 11). .oovuiiiiiiiiieiieie e e 117
Histogram of downlink received signal strength
(RSS; TAG 3, microcell Sit€ 11). ..cccuiiiiiiiiiiiieiiieeciee e 118
Histogram of downlink word error rate (WER; TAG 3, microcell site 11).......... 119
Histogram of uplink received signal strength
(RSS; TAG 3, microcell Sit€ 11). ..cccuiiiiiiiiiiieeiieeeeeeeee e 119
Histogram of uplink word error rate (WER; TAG 3, microcell site 11)............... 120
Average uplink word error rate (WER) vs. received signal
Strength (RSS; TAG 3). . 120
Average downlink word error rate (WER) vs. received signal
StreNgth (RSS; TAG 3). ittt 121
Histogram of difference between downlink and uplink received signal
Strength (RSS; TAG 3). e 121



Figure 7.25.
Figure 7.26.

Figure 7.27.
Figure 7.28.
Figure 7.29.
Figure 7.30.
Figure 7.31.

Figure 7.32.

Figure 8.1.
Figure 8.2.

Figure 8.3.
Figure 8.4.
Figure 8.5.
Figure 8.6.
Figure 8.7.

Figure 8.8.
Figure 8.9.

Figure 8.10.
Figure 8.11.
Figure 8.12.
Figure 8.13.
Figure 8.14.
Figure 8.15.
Figure 8.16.
Figure 8.17.
Figure 8.18.
Figure 8.19.
Figure 8.20.

Figure 8.21.
Figure 8.22.

FIGURES (cont’d)

Page
Quasi-stationary measurement locations for TAG 3........cccoceeeviieeviiiecnieeeeiee e, 127
Histogram of mean opinion scores (MOS’s) for all voice segments
(TAG 3. ettt ettt ettt ettt sb et et b et st enas 128
Histogram of uplink mean opinion scores (MOS’s; TAG 3)....ccccceeverciinieniennnene. 128
Histogram of downlink mean opinion scores (MOS’s; TAG 3).....cccceeeveeenrennnee. 129
Mean opinion score (MOS) vs. average received signal strength
(RSS; TAG 3) ettt ettt sttt 130
Mean opinion score (MOS) vs. average uplink word error rate
(WER; TAG 3). ettt ettt ettt ettt ettt ettt e e s eneeenes 131
Mean opinion score (MOS) vs. average downlink word error
1ate (WER; TAG 3). ittt e 131
Percent acceptability vs. expert listener rating (TAG 3)....ccccoevieveienieeiienieeinens 132
Block diagram of the TAG 1 test system configuration. ...........ccceeeevveeeerveeecnreenn. 137
Average downlink bit error rate (BER) vs. received signal strength
(RSS) for all high-tier cells and the low-tier microcell (TAG 1)......cccccvevuveennennne 139
Downlink received signal strength (RSS) vs. distance (TAG 1, TMCO cell)......140

Histogram of downlink received signal strength (RSS; TAG 1, TMCO cell)......141

Histogram of average downlink bit error rate (BER; TAG 1, TMCO cell).......... 141
Histogram of average uplink bit error rate (BER; TAG 1, TMCO cell)............... 142
Histogram of difference between average downlink and uplink bit

error rate (BER; TAG 1, TMCO cell).....ccovuiieiiiieiieeieeeeeee e 143

Downlink received signal strength (RSS) vs. distance (TAG 1, WCO cell). ....... 143
Histogram of downlink received signal strength (RSS; TAG 1, WCO cell). ....... 144
Histogram of average downlink bit error rate (BER; TAG 1, WCO cell). ........... 145
Downlink received signal strength (RSS) vs. distance (TAG 1, GMM cell). ...... 145
Histogram of downlink received signal strength (RSS; TAG 1, GMM cell). ...... 146

Histogram of average downlink bit error rate (BER; TAG 1, GMM cell). .......... 147
Downlink received signal strength (RSS) vs. distance

(TAG 1, MicrocCell SIte 3). ..uviieiiieiciie et 148
Histogram of downlink received signal strength

(RSS; TAG 1, MicrocCell SIt€ 3). ....ccouiiiiiiieiieeeiiee ettt e e 148
Histogram of average downlink bit error rate

(BER; TAG 1, microcell S1t€ 3). ...cccuiieiiiieiiieeiiieeieeeie et 149
Histogram of average received signal strength (RSS) values taken

during all handoff measurement runs (TAG 1).....cccooceeriiiiiiniiieiecieeeeeeeee 150
Average downlink bit error rate (BER) vs. adjacent channel

carrier-to-interference ratio (C/I; TAG 1)..cceeeviieeiiieecee e 151
Quasi-stationary measurement locations and vehicular speed used at each

10€ation fOT TAG L. ..oiiiiiiiiiieieee e 153
Histogram of mean opinion scores (MOS’s) for all voice segments (TAG 1).....156
Histogram of mean opinion scores (MOS’s) for the uplink (TAG 1)................... 156
Histogram of mean opinion scores (MOS’s) for the downlink (TAG 1).............. 157

x1



Figure 8.23.

Figure 8.24.
Figure 8.25.
Figure 8.26.

FIGURES (cont’d)

Page
Mean opinion score (MOS) vs. average received signal strength
(RSS; TAG 1)ttt ettt ettt e nbe e ssaeseenes 157
Mean opinion score (MOS) vs. uplink bit error rate (BER; TAG 1)........c..c....... 158
Mean opinion score (MOS) vs. downlink bit error rate (BER; TAG 1). .............. 158
Percent acceptability vs. expert listener rating (TAG 1)...ccccvveeevieeiiieecieecieenee, 159

xii




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


